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ABSTRACT Pancreatic ductal adenocarcinoma (PDAC)
remains a malignancy with limited 5-year overall survival,
but recent advances in maximizing chemotherapy delivery
has offered some improvement across all stages. Delivery
of induction chemotherapy for localized PDAC has several
putative benefits, including early treatment of occult metas-
tases, pragmatically ensuring all patients receive systemic
therapy, and improved RO resection rates. While neoadjuvant
therapy has become widely accepted in borderline resectable
clinical stage, its role in patients with resectable disease is
less clear. This Landmark Series article discusses key studies
informing the ongoing debate about neoadjuvant therapy for
resectable PDAC, both published and ongoing.

Pancreatic ductal adenocarcinoma (PDAC) is a highly
lethal disease with a 5-year overall survival (OS) that has
slowly risen from low single digits to 13% with the increas-
ing use of systemic triplet and double therapies.! Widely
recognized as a systemic disease even when “localized”
radiographically, PDAC treatment requires a multimodal
approach in which both surgical resection and systemic
chemotherapy are considered fundamental cornerstones
of management.”® Historically, usual care for anatomi-
cally resectable PDAC included upfront surgery followed
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by intended adjuvant chemotherapy.* Current guidelines
have expanded those recommendations to include either
upfront surgery (with intended adjuvant therapy) or neoad-
juvant therapy (NT) followed by resection, with the choice
influenced by the presence or not of high-risk “borderline”
anatomic features such as large tumor size; biologic features
such as clinical node positivity, indeterminate nodules with
suspicion for metastatic disease, and/or markedly elevated
carbohydrate antigen 19-9 (CA19-9) levels; and conditions
including reduced performance status and comorbidities.””’

Proponents of NT for resectable PDAC argue for the
potential to treat occult micrometastatic disease and univer-
sally treat all patients thought to have localized disease with
systemic chemotherapy.® This is also a pragmatic approach
that takes into consideration that less than half of Americans
get a single meaningful dose of adjuvant therapy after pan-
createctomy. Even in randomized trials of highly selected
patients, the postoperative completion (or even initiation)
rate of adjuvant therapy is far from universal. Additionally,
major surgical complications have a greater negative effect
on chemo-naive patients than those who have completed
induction chemo and resection already by delaying their first
dose of chemotherapy. The preoperative window also offers
the ability to evaluate both standard cytotoxic and novel
therapeutic agents targeting the in situ tumor microenviron-
ment, an approach not feasible in the postoperative setting.

While the induction chemotherapy period allows the
declaration of rapidly progressive disease inappropriate for
a major operation and may facilitate microscopically com-
plete (RO) surgical resection by reducing tumor size,” there
remains a major argument by critics of NT who state that
patients miss their window for surgery.

While there are many retrospective cohort studies stating
the survival advantages of NT, those who remain skeptical
of NT advocate for definitive prospective evidence before
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shifting treatment toward the generally accepted paradigm in
borderline resectable PDAC, where induction chemotherapy
is now usual care.

To date, conclusive evidence demonstrating a survival
advantage of neoadjuvant therapy in resectable PDAC
remains limited. Despite theoretical benefits, the efficacy of
neoadjuvant therapy in terms of OS continues to be a subject
of debate and ongoing research. In this article, we review the
landmark clinical trials and retrospective data that provide
evidence for the use of NT in patients with resectable PDAC.

PUBLISHED NEOADJUVANT TRIALS

A landmark review by Patel et al. provided a compre-
hensive overview of preoperative therapy for PDAC.!" The
authors highlighted the rationale, historical context, and key
clinical trials that have informed clinical practice guidelines
for resectable and borderline resectable PDAC. Table 1 pro-
vides an updated overview of published phase II/IIl RCTs
with key trials discussed in greater detail below.

NORPACT-1

Purpose the objective of this study was to evaluate the
efficacy and safety of neoadjuvant fluorouracil, leucovorin,
irinotecan, and oxaliplatin (FOLFIRINOX) versus upfront
surgery in patients with resectable PDAC of the head.'!
This investigation expanded on findings of improved OS of
patients receiving adjuvant FOLFIRINOX by assessing the
potential benefits of FOLFIRINOX in a neoadjuvant setting.

Study design this trial was a multicenter, randomized,
phase II study conducted across 12 hospitals in four coun-
tries in Scandinavia. Eligible patients had performance status
of 0—1 and resectable PDAC. Patients were randomized to 4
cycles of neoadjuvant FOLFIRINOX, followed by surgery
with 8 intended cycles of adjuvant therapy, or to upfront sur-
gery followed by 12 planned cycles of adjuvant therapy. The
primary endpoint was OS at 18 months. The FOLFIRINOX
dose was the same as in previous publications without men-
tion of allowances for real-world dose reductions.

Results this trial randomized 140 patients, with 77
assigned to neoadjuvant FOLFIRINOX and 63 to adjuvant
FOLFIRINOX (2017-2021). In the intention-to-treat analy-
sis, the 18-month survival rate was 60% (95% confidence
intervals (CI) 49-71) for neoadjuvant FOLFIRINOX versus
73% (62—84) for upfront surgery (p = 0.032). Median over-
all survival was 25.1 months (95% CI 17.2-34.9) for neo-
adjuvant FOLFIRINOX compared with 38.5 months (95%
CI 27.6—not reached) for adjuvant FOLFIRINOX (HR 1.52
[95% CI 1.00-2.33], p = 0.050). The per-protocol analy-
sis showed similar trends. Resection rates were compara-
ble between groups (82% versus 89%, p = 0.24). Adjuvant

chemotherapy initiation rates were similar (86% versus 90%,
p =0.56).

Conclusion of the study this study showed no survival
benefit for neoadjuvant FOLFIRINOX compared with
upfront surgery in patients with resectable PDAC and reaf-
firmed upfront surgery as the standard of care.

Commentary this was the first published phase II RCT to
compare neoadjuvant FOLFIRINOX versus upfront surgery
in patients with resectable PDAC and demonstrated no sur-
vival benefit for neoadjuvant FOLFIRINOX compared with
upfront surgery. On the contrary, it suggested a detrimental
effect of using induction triplet therapy in their study popu-
lation. The study’s outcomes were potentially influenced by
suboptimal implementation of protocolized induction chem-
otherapy dosages, as only 46% of the patients received even
four scheduled preoperative cycles. This would be mitigated
in real practice, where dose reductions are normal, and thus
is highly probable to have affected the 18-month outcomes.
In addition, 13 of 77 patients in the neoadjuvant arm did not
even receive one cycle because 10 of them would never have
qualified for neoadjuvant therapy in real-life (no diagnosis,
wrong diagnosis, and unfixable bilirubin). Furthermore,
while neoadjuvant duration of up to 4—-6 months is often
used in real world practice, the NORPACT-1 trial employed
a shorter 2-month neoadjuvant protocol, which also may
have significantly influenced both treatment effectiveness
and time of medical optimization. The NORPACT trial OS
results were unexpected to proponents of NT and perhaps
generated more questions than answers, but does highlight
a valid criticism of NT, being that careful implementation
of induction chemotherapy is needed, including dosing and
closely monitoring patients, to avoid falling off the neoad-
juvant pathway.

PANACHEO01-PRODIGE48

Purpose the objective of this study was to evaluate the
feasibility, safety, and efficacy of neoadjuvant modified (m)
FOLFIRINOX in patients with resectable PDAC.!?

Study design the PANACHE/Prodige48 trial was a mul-
ticenter phase II randomized trial conducted in 28 cent-
ers in France. Patients were randomized in a 2:2:1 ratio
to receive either four biweekly cycles of mFOLFIRINOX
(arm 1), leucovorin, fluorouracil, and oxaliplatin [FOLFOX]
(arm 2) both followed by surgery, and adjuvant 4 months
of chemotherapy or upfront surgery followed by 6 months
of adjuvant chemotherapy (control arm). The primary end-
points were the 1-year OS rate and the completion rate of
the intended treatment protocol.

Results between 2017 and 2020, 153 patients were ran-
domized to arm 1 (n = 72), arm 2 (n = 50), and the con-
trol arm (n = 31). The median OS was 31.3 months (90%
CI 21.5-not reached) in the FOLFIRINOX arm and 31.8



6469

The Landmark Series: Neoadjuvant Therapy ...

(ST0°0

=d*96'0-950

ID %S6) €L°0 ¥H

6 LI-LTT “ID %S6)

€1 sns1oA (9°0T
-6'C1 1D %S6) L'SI

(8100

=d*66'0-95°0 1D

%S6] €L°0 IH (S'T€

-6'1T) 9°9C SnsIdA
(€°€v-9'80) 0°LE

(L'9T-8°ST

1D %$6) #'9T SnsIoA

(8°ST-9%1 ID

%$6) ¥"0T SnsIoA
(I'6t—€'L7) T8¢

T'8T SNSIA 1T

(960
=d) {'y[ SNSIOA L]

(TYT-$'8TID %S6)
6'6 SNSIdA (T
-1°01 ID %S6) 9°S1

L10T=€10C 9vC
910C—¢10T 9¢
S10C-010C €6
¥10C-L00C 8¢
600C—£00C €L
£00C-6661 0¢

SO

SO

[eAIAINS
901J-JUAD JBIA-|

uond9saI Oy

SO

)kl UOII3SAY

DOdd
91qB109SaI-ouI]
-19pIog “9[qe109say

NODN
9[qe109SI-IUI]
-19pIOg *9[qeI0aSIY

J1qe)00say

J[qe)oesay

J1qe)09say

9[qe109say

(so0kd XIS) QuIqe
-jowad juean(pe
ynm A193ins juorydpny

(so104kd

Inoj) 1-S juean(pe
ym A108ms juorydpny

(so10kd

X1s) DXHJ 10

(s9[94d x15) QuIqe

-yrowad jueanlpe
ynm A193ins juorydpny

K1331ns juorydn

(so70Kd XI18) QuIqe
-jowad juean(pe
ynm A103ins juorydpny
K1931ns Aq pamoj

-10§ (skep €t 10
skep / AIoAQ) auiqe
-J1owas JueAn(peoaN

(se10Ad Io0j) suIqe
-)1owa3 juean(pe
pue A1031ns £q
pamof[oj (suonoery
G ur AD 9¢ ¢S9[0Kd
Ja1y)) Aderayjorpes
YIM QUIqeIowad
jueAn(peoaN
(so[0Ad
Inoj) 1-S juean(pe
pue A1331ns £q
PaMO[[0J (S[0AD
om}) T-S pue auIqe
-Jowa3 jueAn(peoaN
(s9[9A0 2a11})

DXHAd ueanlpe pue

K1331ns Aq pamog
-10J (91945 da11p3)
D XHAd Wuean[peoaN

K1331ns

£q pamoroy £9 6

+ AD G ¢S910Kd
om}) Aderoyjorper

)M QUIqeIIowag

juean(peoaN

QUIQRIIOWIAT JUBA
-nlpe pue £1931ns

£q pamorioy (A

¥°0S 10 8°6S=8°1)

Kdexoyporper

M (SISOp InoJ)

unerdsto pue ouiqe
-J1owa3 JueAn(peooN

K1331ns Aq pamor[oy

unerdsto pue ouiqe
-J1owa3 JueAn(peooN

SPUBLIOUIAN YL,

ueder

Arei

Aei

Aueuon

AN

111 9seyd
ONVdOHdd

II1 3seyd
¢1 SO-dVSI/0 doxd

/11 ?seud .
S1-1Ovd

oz v T2 30 1PESED)

oz v T8 39 19YO[0D

4z T8 30 10W[ed

syjuow
‘SO ueIpsay

potrad yuowrjoruyg ozr1s o[dweg

QwIooIno Arewrtig

smyels KJ[1qe1oasay

10jeIRdWIO))

UOTIUSAIIU]

Anuno)

[eLLL

OvAad s syuaned ur Aderay) juean(peoou June3nsoAur s[eLI) pa[[onuod pazrwopuel [[/] oseyd paystiqnd T ATIVL



C. F. Cardell et al.

6470

[BATAINS [[BISAO SO “SHIOMION] Joour)) dArsuayaidwo)) [euoneN NOON ‘PRYIpow jy ‘onel prezey y ‘uneldijexo pue ‘uLIoA0dN9] roeInolony 04704 ‘unejdifexo pue ‘uessjou
-LIT “ULIOAOONQ] ‘TIoeInoIony XONINIATOA ‘Quiqeiowas ‘uiqeiroades ‘uoiqnuds ‘unerdso Hx74 ‘dnoin 1eoue)) onearoued yoing H)JJ ‘TeATAINS 99IJ-ISBISIP §.7( TEAIIUI 9OUIPYUOD [)
19K Jo se paysiqnd usaq jou sey Jdrosnuew [Ny YL,

SJRI JUAWIINIDAI JUSIJLYNSUT 0 SUIMO pajeurunia) Apmmewald sem (e ayJ,

(0so0o=4d
‘€€T-00°T ID %S6)

(so[0Ad

W313) XONIYI
-TOJw jueAn(pe

ST ¥H ‘(payoear (so104kd pue A1331ns £q
10U-9°/7) '8¢ T1) XONTII1d PaMOT[O ($a[24d uopamg
SnS19A (6'7€—T'LT NOON ~TO4uw Juean(pe Inoy) XONTIIA ‘KemION ‘puef 11 9seyd
1D %S6) 1'ST 120C-L10C orl SO puow-g| o[qe1say  yim Ardfmsjuoydn -0 wueAnlpeooN -UL] Sprewusq 11 FLOVdION
(s91945 1noy) auiqe
-J1owas juean(pe
pue K1a81ms Aq
Pamor[oJ (suonoely
GT ur AD 9¢ ¢Sa[0Ad K1231ns
(8T0=4d'T1'1 D0dd ?21y) Aderayporper  £q pamofiof (S9[oKd
-89°0 1D %S6) L8'0 9[qeIdasal-aul] M ouIqelowed 14S10) XONTAIA 111 °seyd o;
YH "€’ 1T SnsIdA 671 120C-810C SLE SO -1oplog "9[qe1d9say weAn(peooN  -Od WueAN[pROON  SPUB[IOUION 2], q¢-ONVdOddd
(payoearjou-¢'g| (sypuout )
1D %06) payoear jou Kdeloypowrayd jueA
uBIpOW :ULIE [ONUOD -nfpe pue K1o31ns
SNSIOA (payoeal KQ POMOI[0] (SI[0AD
10U-8°€Z 1D %06) (syyuowr 9) Aderoy) nojy) XOd104 10 11 °seyd ,;
8'1¢ SNSIOA (payoeal NOON -owayp jueAn(pe XONIATOAW 8YdDIAOdd
100-G'1Z 1D %06) €'1€ 020¢—L10¢ €51 SO Teak-| 9[qe109say  Yim Aragins juoxydn ueAn(peooN ouBL{ -10dHOVNVd
(91942
INoj) ouexeIqy pue
QuIqeIOWAF JuBA
-nlpe pue £1931ms
(sypuow (sopoAo x18) aue  AQ PaMO[[OF (SO[oKd
TTT9TT 1D %S6) -Xelqy pue aulqe OM1) SUBXBIqY 11 °seyd y,
L'91 SnsIdA (L°6T NOON -)owas Juean(pe pue ouIqeIIdWag €1€03vd
-L'61 1D %S6) §'ST 610C-510T LTl S4d puow-g | o[quioesay  Yim Kre8ms juoxydn Juean(peoaN Kuewron -OIV- XVNOdN
(S0K0 2311]3)
QuexeIqQy pue (so[0Ad
QuIqEIOWT JueA Q21y1) XONIIIA
-nfpe pue A1931ms -TOJw jueAn(pe
KQ pamo[[0J (So[0Ad pue A1331ns £q
(L1€-8°LT 1D %S6) 93.111) dueXLIqY PIMO[Of (SI[OKD
9"€C SNS19A (6°CY NOON PUE QUIQRIIDWAT 991y1) XONTIT 11 °seyd ¢,
-9°LT 1D %S6) TET 810C—-510C Lyl SO Teok-g 9[qeIdasY ueAn(peooN  -TOAW ueAnprOON vsn SOSTS DOMS
syuow
‘SO UeIpdJN  potrad juowpioruyg  ozis o[dwes Qwooino Arewrtly  smyels A)[Iqe1oasay 1ojeredwo)) UOTIUQAIOIU] Knuno) Teny,

(ponunuod) [ Aqel,



The Landmark Series: Neoadjuvant Therapy ...

6471

months (90% CI 23.8-not reached) in the FOLFOX arm. In
the control group, median OS was not estimable. The 1-year
OS rate was 84.3% (90% CI 75.3-90.9) in arm 1, 71.4%
(90% CI59.0-81.8) in arm 2, and 82.1% (90% CI 71.1-95.0)
in the control arm. The rate of patients that completed the
therapeutic sequence was 70.8% (90% CI 60.8-79.6) in arm
1 and 68% (90% CI 55.5-78.8) in arm 2. Arm 2 was stopped
after interim analysis for lack of efficacy.

Conclusions this study showed that the perioperative
administration of mFOLFIRINOX is both feasible and
effective.

Commentary although the trial included an upfront sur-
gery control arm, it was designed as a noncomparative ran-
domized phase II study, with primary endpoints evaluated
separately in each arm and no formal statistical comparison
planned between the groups. As a result, the study provided
feasibility and efficacy data, and, while tempting to compare
neoadjuvant FOLFIRINOX or FOLFOX with the third arm
(upfront surgery), it was not an a priori statistical compari-
son. Therefore, it did not prove superiority of either regimen
over upfront surgery. Additionally, this study also employed
a short NT window (2 months), similar to the NORPACT
trial.

SWOG S1505

Purpose the aim of this study was to assess feasibility and
clinical utility of neoadjuvant and adjuvant chemotherapy
using two modern, multiagent chemotherapy regimens in
resectable pancreatic cancer. The authors compared the fea-
sibility, safety, and efficacy of mFOLFIRINOX (oxaliplatin,
irinotecan, and fluorouracil) with that of gemcitabine/nab-
paclitaxel (GA).(13)

Study design this study was a multi-institutional, rand-
omized phase 2 trial conducted through the National Clini-
cal Trials Network with a pick-the-winner design. Inclusion
criteria included pathologic diagnosis of PDAC, Zubrod
Performance Score of 0 or 1, and determined resectable by
central radiology review. Radiologic criteria included no
interface of tumor with celiac, common hepatic, or superior
mesenteric arteries; < 180° interface between tumor and
vessel wall of portal or superior mesenteric veins; patent
portal vein/splenic confluence; and absence of metastatic
disease (including lymphadenopathy outside the surgical
basin). Patients were randomized 1:1 to 12 weeks of mFOL-
FIRINOX or GA followed by repeat imaging. In the absence
of disease progression, patients proceeded to surgical resec-
tion within 4-8 weeks following last dose of neoadjuvant
chemotherapy. Adjuvant chemo was started 4—12 weeks
postop. The primary outcome was 2-year overall survival
(OS) from time of randomization with a prespecified thresh-
old of 40%.

Results between 2015 and 2018, 55 patients were rand-
omized to the mFOLFIRINOX arm (arm 1) and 47 to the
GA arm (arm 2). In arm 1, 46 (84%) of patients completed
neoadjuvant treatment and 40 (73%) underwent resection.
In arm 2, 40 (85%) completed neoadjuvant and 33 (70%)
underwent resection. Of the patients that underwent resec-
tion, 27 in arm 1 (68%, 49% overall) and 19 in arm 2 (58%,
40% overall) completed all treatment. The 2-year OS was
47% (95% CI, 31-61%; p = 0.15) in arm 1 and 48% (95%
CI, 31-63%; p = 0.14), neither of which was higher than
the prespecified threshold of 40%. Median survival in arm
1 and 2 was 23.2 (95% CI, 17.6-45.9) and 23.6 (95% CI,
17.8-38.7), respectively.

Conclusions this trial establishes the safety and feasibil-
ity of a perioperative approach to chemotherapy but did not
demonstrate improved OS with the approach compared with
historical data from adjuvant trials.

Commentary this study demonstrated the feasibility of
a perioperative approach to chemotherapy across numer-
ous academic and community hospital settings. This trial
used the intergroup resectability criteria and highlighted
the variability in resectability criteria, with 29% of patients
rendered ineligible after post hoc central radiologic review.
Additionally, the study demonstrated a reasonable rate
(70%) of patients safely reached resection. Less than 50%
of patients completed all therapy despite low rates of surgi-
cal complications; however, 88% of patients were able to
complete neoadjuvant therapy. This improved preoperative
delivery rate suggests that a total neoadjuvant approach may
improve chemotherapy delivery rates. Finally, although the
trial was a simple pick-the-winner decision instead of a for-
mal between-arm comparison of chemotherapy regimens,
both mFOLFIRINOX and GA produced similar results.

NEONAX

Purpose this trial examined perioperative versus adjuvant
chemotherapy with GA in patients with resectable pancreatic
cancer.'*

Study design this randomized, phase 2 study was con-
ducted across 22 German centers; it randomized patients to
two cycles of preoperative GA, surgery, then four cycles of
GA within 12 weeks of surgery (arm A) versus upfront sur-
gery with six cycles of postoperative GA (arm B). Patients
were considered eligible if they had ECOG status 0 or 1 and
had resectable status as defined by clear fat planes around
the celiac artery, hepatic artery, and superior mesenteric
artery on CT within 4 weeks of randomization. The primary
endpoint was disease-free survival (DFS) at 18 months, with
a prespecified improvement rate to at least 55%.

Results 127 patients were randomized between 2015
and 2019, with 118 eligible for assessment (59 each arm).
A total of 54 patients (92%) in arm A started preoperative



6472

C. F. Cardell et al.

chemo, and 41 (69.5%) underwent resection, with 30 (51%)
patients completing adjuvant treatment. In arm B, 42 (78%)
patients underwent resection, and 25 (42%) completed adju-
vant therapy. RO resection rate was 87.8% in arm A and
67.4% in arm B. The primary endpoint of DFS of 55% at
18 months was not reached in either arm. Median DFS was
14.1 months (95% CI 10.2-16.8) in arm A and 17 months
(95% CI110.9-25.1) in arm B. OS in the intention-to-treat
population was examined as a secondary analysis, with 25.5
months (95% CI 19.7-29.7) in arm A and 16.7 months (95%
CI 11.6-22.2) in arm B.

Conclusions this trial demonstrates the safety and feasi-
bility of preoperative chemotherapy. Although the primary
endpoint was not reached in either arm, median OS in the
intention-to-treat (ITT) population favored the neoadjuvant
arm.

Commentary this trial did not reach its primary endpoint
or establish superiority of either arm. However, it did high-
light improved delivery of chemotherapy in the neoadjuvant
arm compared with adjuvant therapy alone. Completion of
adjuvant therapy is similar to other trials, with around half of
patients failing to complete treatment in either arm. Patients
in this trial also received 8 weeks of preoperative chemo-
therapy followed by 16 weeks of adjuvant, compared with
12 of preoperative and 12 of postoperative as used in SWOG
S1505, leading to questions of optional treatment duration.

PREP-02/JSAP-05

Purpose this trial examined neoadjuvant therapy with
gemcitabine and S-1 versus upfront surgery for patients with
resectable pancreatic cancer. '

Study design this trial was a randomized phase II/III trial
conducted in 67 Japanese centers. Patients were randomized
in a 1:1 ratio to neoadjuvant chemotherapy consisting of
gemcitabine (1000 mg/m? days 1 and 8) and S-1 (40-60 mg
orally twice daily, days 1-14 every 3 weeks for two cycles),
followed by surgery and adjuvant four cycles of S-1, or to
upfront surgery followed by four cycles of adjuvant S-1. The
primary endpoint was resection rate for phase II part of the
trial and OS for the phase III part.

Results in total, 364 patients were randomized, 182
patients each to neoadjuvant chemotherapy and upfront
surgery, between 2013 and 2016. Median OS was 37.0
months (95% CI 28.6-43.3) in the neoadjuvant gemcitabine
and S-1 arm versus 26.6 months (95% CI 21.5-31.5) in the
upfront surgery arm; hazard ratio (HR) was 0.73 (95% CI
0.56-0.95; p = 0.018). The OS rate at 1, 2, and 3 years was
87.1%, 63.7%, and 50.2%, respectively, in the neoadjuvant
chemotherapy arm compared with 75.9%, 52.8%, and 36.6%,
respectively, in the upfront surgery arm. The resection rates
were 93% in the neoadjuvant gemcitabine and S-1 arm and
82% in the upfront surgery arm. The completion rate of four

cycles of S-1 adjuvant therapy was 62.1% in the neoadju-
vant chemotherapy arm compared with 63.3% in the upfront
surgery arm.

Conclusion the Prep-02/JSAP-05 trial demonstrated
that neoadjuvant chemotherapy with gemcitabine and S-1
resulted in improved survival compared with upfront surgery
in patients with resectable pancreatic cancer.

Commentary the Prep-02/JSAPOS trial was the first phase
III randomized study to demonstrate that neoadjuvant chem-
otherapy with gemcitabine and S-1 improved OS compared
with upfront surgery in patients with resectable PDAC.
While these results established gemcitabine and S-1 as an
effective neoadjuvant option in Japan and proved the effec-
tiveness of using a neoadjuvant doublet regimen, S-1 is not
used outside of East Asia. Therefore, the generalizability of
this trial to the Western world remains limited, and the ideal
neoadjuvant regimen has yet to be established. Even in this
trial of selected patients, the postoperative rate of adjuvant
therapy did not quite reach two out of three patients, further
highlighting the logistical issues of administration adjuvant
therapy in patients as seen in other neoadjuvant trials. In
real-world practice, without the resources of a clinical trial,
the rate is likely even lower. Including unresected patients,
93% of the neoadjuvant arm received multimodal therapy,
while only 52% (63.3% of 82% resected) received complete
multimodal therapy.

PRELIMINARY CLINICAL TRIAL RESULTS

A total of three notable clinical trials examining neoadju-
vant therapy in pancreatic cancer have reported preliminary
findings at meetings but have yet to publish full results. The
first of which is the PREOPANC-2 trial, a multicenter ran-
domized Dutch trial.'® This follow-up to the PREOPANC
trial randomized 375 patients to receive FOLFIRINOX for
eight cycles followed by surgery without adjuvant treatment
versus three cycles of neoadjuvant gemcitabine with radia-
tion, surgery, and four cycles of adjuvant gemcitabine. At
a median follow-up of 41.7 months, median OS was 21.9
months in the FOLFIRINOX arm and 21.3 months in the
CRT arm.

RETROSPECTIVE DATA

Given the paucity of randomized data examining neoad-
juvant therapy in resectable pancreatic cancer, a multitude of
studies have utilized retrospective data to identify the asso-
ciation of neoadjuvant therapy with improved outcomes.
Extensive review of the retrospective literature on this topic
is beyond the scope of this series; however, a few notable
studies are detailed below.

Cass et al. from MD Anderson Cancer Center described
their two-decade experience in trends of NT for resectable
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PDAC.!” This retrospective cohort study of 727 patients
from 1998 to 2018 showed that 80% of patients in the most
contemporary era (2013-2018) received NT with FOL-
FIRINOX (FFX) or GA. Median OS increased over each
era: 30.6 months from 1998 to 2004 (gemcitabine era), 33.6
months from 2005 to 2011 (gemcitabine—cisplatin era), and
48.7 months from 2012 to 2018 (modern FFX or GA era).
Postrecurrence overall survival also increased over time over
the three 7-year eras (7.8, 12.5, and 12.6 months, respec-
tively) as systemic options increased in effectiveness. On
multivariate analysis, neoadjuvant therapy was associated
with longer OS.

Sugawara et al. identified patients in the US National
Cancer Database with clinical T1 or T2 disease from 2010
to 2017, using a propensity score analysis to compare over-
all survival between neoadjuvant therapy and upfront sur-
gery, with a landmark analysis of 6 months to accommodate
for immortal time bias.'® A total of 4041 patients received
upfront surgery and 933 received multiagent neoadjuvant
therapy, reflecting national trends favoring upfront surgery.
Median OS was observed to be longer in the multiagent neo-
adjuvant group compared with upfront surgery (35.9 versus
29.3 months, p = 0.002) in a matched cohort.

Stoop conducted a retrospective study including 935
patients who underwent resection for localized PDAC fol-
lowing 2—6 months of initial chemotherapy with either (m)
FOLFIRINOX (65%) or gemcitabine—nab-paclitaxel (35%)
between 2010 and 2018 across 16 centers in eight coun-
tries.'” The median OS was 43 months (95% CI 38-49) in
patients treated with preoperative (m)FOLFIRINOX com-
pared with 36 months (95% CI 31-48) in those treated with
preoperative gemcitabine—nab-paclitaxel (p = 0.16). Multi-
variable Cox regression, adjusted for clinical confounders
at diagnosis, demonstrated no difference in OS between the
two regimens (HR: 0.83; 95% CI, 0.64—1.08).

ONGOING PHASE III CLINICAL TRIALS

A total of three phase III RCTs investigating neoadju-
vant therapy for patients with resectable PDAC (Table 2)
are ongoing. The ALLIANCE A021806 (NCT04340141) is
a phase III RCT in the USA and Canada comparing perio-
perative mFOLFIRINOX (8 neoadjuvant cycles followed
by 4 adjuvant cycles) to upfront surgery followed by adju-
vant mFOLFIRINOX (12 cycles) in patients with resect-
able PDAC.? The trial aims to enroll 352 patients. Recruit-
ment commenced in July 2020, and as of 1 June 2025, 319
patients have been enrolled.

Similarly, the PREOPANC-3 (NCT04927780) ongoing
phase III RCT in the Netherlands and Sweden is also inves-
tigating perioperative (8+4 cycles) versus upfront surgery
with adjuvant mFOLFIRINOX (12 cycles) in patients with
resectable PDAC, with a target enrollment of 378 patients.?!

Recruitment commenced in August 2021, and, as of 1 June
2025, 353 patients have been enrolled.

Both studies are sufficiently powered to detect clini-
cally significant differences in OS, with preliminary results
expected in 2026.

The NeoFOL-R (NCT05529940) is a phase III RCT in
South Korea comparing perioperative mFOLFIRINOX
(6 neoadjuvant cycles followed by 6 adjuvant cycles) or
upfront surgery with adjuvant mFOLFIRINOX (12 cycles),
with a target enrollment of 609 patients with resectable
PDAC. Recruitment commenced in April 2023.

Of note, eligibility criteria for resectability differ between
these three trials. The PREOPANC-3 trial utilizes the Dutch
Pancreatic Cancer Group (DPCGQG) criteria, which defines
resectable PDAC as < 90 degrees of venous contact and no
arterial involvement. By contrast, the ALLIANCE A021806
and NeoFOL-R trials apply the National Comprehensive
Cancer Network (NCCN) criteria, permitting up to 180
degrees of venous contact and no arterial involvement.

FUTURE DIRECTIONS

Active phase I and II trials are currently underway to
investigate novel neoadjuvant treatment and explore treat-
ment sequencing, early therapy switching, and addition
of targeted and immunotherapies, given their promise in
other cancer types. Recent studies have focused on target-
ing specific molecular alterations, such as KRAS mutations,
which are present in > 90% of PDAC cases.?> Adagrasib
and sotorasib, both KRAS G12C inhibitors, have shown
promise in early-phase trials for patients with PDAC har-
boring this specific mutation. Poly(ADP-ribose) polymerase
(PARP) inhibitors such as olaparib in patients with germline
BRCA1/2 mutations have shown promise in the metastatic
setting and may have a role in the future in the perioperative
setting.”* The addition of immunotherapy, such as CD40
agonist sotigalimab, in the metastatic setting is ongoing
and may have promise in neoadjuvant therapy in the future.
Use of novel agents in the neoadjuvant setting allows for
a window of opportunity not present with upfront surgery.
Additionally, a pilot study at MD Anderson Cancer Center
is investigating the potential of fecal microbiota transplanta-
tion (FMT) to modulate the tumor microbiome and poten-
tially reverse immunosuppression in patients with resectable
PDAC. These findings may help identify additional targeted
therapeutics.

CONCLUSIONS

While the putative advantages of NT for resectable
PDAC are compelling, its universal adoption remains lim-
ited owing to ongoing debates on prospective evidence and
implementation challenges. Theoretical advantages of NT
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have been well delineated in the past three decades, includ-
ing the potential for tumor downstaging, early treatment
of micrometastases, and improved chemotherapy delivery
rates. However, robust evidence supporting its superiority
over the historical usual care of upfront surgery followed by
adjuvant therapy is still lacking.

The landscape of treatment for resectable PDAC is evolv-
ing, with an increasing trend towards neoadjuvant therapy
in clinical practice. While recent phase II RCTs, such as
NORPACT-1, SWOG S1505, and NEONAX, have demon-
strated the feasibility and safety of neoadjuvant therapy, they
have not definitively established survival benefits compared
with upfront surgery. It is important to interpret the results
of these trials in context, including challenges in chemo-
therapy completion rates and the lack of standard treatment
dosing and duration. The absence of consistent definitions
for resectable disease and the lack of stratification by bio-
logical or conditional factors in addition to simply using
anatomical criteria have further complicated the interpreta-
tion of trial results.

It is important to acknowledge the real-world limitations
of neoadjuvant therapy, which include the risk of disease
progression during treatment precluding surgical attempt,
delays in surgical intervention due to complications includ-
ing biliary infections and chemotherapy-related immunosup-
pression, challenges in obtaining histological confirmation
for treatment initiation, and preserving/improving perfor-
mance status during chemotherapy. These pragmatic fac-
tors may be particularly problematic in settings with limited
resources or not used to multidisciplinary communication,
and thus, it is simply easier and seemingly more practical to
choose upfront surgery and its associated risks.

An additional and often overlooked dimension of the
NT debate centers not only on whether to use neoadjuvant
therapy, but which regimen to use. This reflects a key criti-
cism of current practice, given the heterogeneity in regi-
men selection across trials and institutions. Importantly, the
PREOPANC-2 and SWOGS1505 trials and the retrospec-
tive study by Stoop et al. indicate no clear OS advantage
of (m)FOLFIRINOX over gemcitabine-based regimens in
the neoadjuvant setting for resectable PDAC. These findings
challenge the notion that (m)FOLFIRINOX should be uni-
versally considered the superior or default neoadjuvant regi-
men and support a more nuanced, patient-tailored approach
to regimen selection.

Currently, three phase III RCTs (ALLIANCE A021806,
PREOPANC-3, and NeoFOL-R) are underway, with the first
two at 90% accrual at the time of writing this review, aiming
to provide additional evidence regarding the effectiveness of
choosing one treatment sequencing paradigm in resectable
PDAC. These trials are powered to detect clinically signifi-
cant differences in OS, with results eagerly anticipated to
guide future treatment strategies. With the current available

evidence, the decision to pursue NT or upfront surgery
should be made with careful consideration of individual
patient factors and institutional expertise. This recommen-
dation will likely persist regardless of the final outcomes of
the pending phase III RCT’s—the individual assessment of
the ABC’s of a patient’s PDAC is still required to choose
the better treatment sequencing for that single patient.
As the field progresses, future directions in neoadjuvant
therapy for resectable PDAC may include the integration
of targeted therapies and immunotherapeutic approaches,
potentially offering more personalized treatment options.
Future research should focus on optimizing patient selection,
standardizing treatment protocols, and identifying predic-
tive biomarkers to personalize therapy. As we await results
from ongoing trials, a multidisciplinary approach and careful
consideration of individual patient factors remain paramount
in decision-making for resectable PDAC.
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